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AN INVESTIGATION IN THE MSFC TWT TO DETERMINE SPOILER
EFFECTS ON WING LOADS AND ELEVON HINGE MOMENTS
UTTILIZING 0.004~SCALE MODELS (77-0 AND 74-0TS) OF THE

SHUTTLE VEHICLE 5 CONFIGURATION (IA125)

by E. C. Allen, Rockwell Tnternational

ABSTRACT

This report presents information for wind tunnel tests (IA1l25) of

a 0.004-scale orbiter, external tank, and sol d rocket motor integrated

A

By P

Y
YR R

vehicle model (77-0 and 74-0TS) in the MSFC Trisonic Wind Tunnel.

These tests were conducted in support of MCR's 1344 and 1346. Data
from these tests provide spoiler effects on wing bending/torsion and
clevon hinge moments, elevon effectiveness data and the influence of

solid plumes from Mach numbers of 0.6 through 2.74 at angles of attack
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and sideslip from -10 through 10 degrees.
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SYMBOL

PLOT
SYMBO].

BREF

CABE

CABO

CABS
CAF
CA
CBW
CHET
CHEQ

CBL

CLM

CLMBF

CL.MU

NOMENCLATURE

DEFINITION
tank base area, in.
orhiter base area, in.2
SRB base area, in.
reference span, in.
mean aerodyvnamic chord, in.
elevon reference length
center of gravity

tank base axial force coefficient

orbiter base axial force component
coefficient

SRB base axial force coefficient
forebody axial force coefficient

total axlal force coefficient

wing root bending moment coefficient
inboard elevon hinge moment coefficient
outboard elevon hinge moment coefficient

rolling moment coefficient in body axis
3ystem

pitching moment coefficient

pitching moment coefficient due to
body flap

uncorrected pitching moment coefficient
outboard elevon hinge moment

inboard elevon hinge moment
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SYMBOL,

¢
n

(,Nw
CNgy

CNB,

CPBy
CPB,
CPBg
Gy
Cop.

'y
NCAg
ACAT

’,\CV

e e

Lot

SYMBOL

CYN

CN

CNW

CNBF

CNBO

CNU

CPBBF

CPBE

CPBO

CPBS

CTW

DCAF

DCA

DCBL

DCLM

DCYN

NOMENCLATURE (Continued)

DEFINITION

yawing moment coefficient in the body
axis system

normal force coefficient in the body
axis system

wing normal force coefficient
body flap normal force coefficient

normal force component coefficient of
orbiter base drag

unccrrected ncymal force coefficient
body flap base pressure coefficient
tank base pressure coefficient
orbiter base pressure coefficient
SRB base pressure coefficient

side force coefficient (body or stability
axis system)

wing torsion moment coefficient

incremental forebody axial force
coefficient due to elevon deflection

incremental total axial force coefficient
due to elevon deflection

incremental rolling moment coefficient
due to elevon deflection

incremental pitching moment coefficient
due to elevon deflection

incremental yawing moment coefficient
due to elevon deflection

average orbiter base slant angle
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SYMBOL

ACN

ACy

“rof

MRP

Yref

rPLOYT

SYMBOL

DCN

DCY

ORBINC

LREF

MACH

MRP

AMRP

YMRP

ZMRP

NOMENCLATURE (Continued)

DEFINITION

incremental normal force coefficient
due to elevon deflection

incremental side force coefficient due
to elevon deflection

axial force, 1b.
normal force, 1b.
wing normal force, 1b.

side force, 1b.

orbiter/ET incidence angle
refercnce length, in.

Mach Number

moment reference point

moment reference point on x-axis
moment reference point on y~-axis
moment reference point on z-axis
wing bending moment, in.-1b.
wing torsion moment, in.-1b.

rolling moment in the bpdy axis system,
in-1b.

pitching moment in the body (or stability)
axls system, in.-1b.

yawing moment in the body axis system,
in.-1b.

elevon refurence area
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SYMBOL

|

P
by, ¢

6{1

Zo

PLOT
SYMBOL

Q(PST)

RN/L

REFS

BFREFS

NOMENCLATURE (Continued)

DEFINITION

static pressure, }s.

body flap base L -es- ire
tank basc pressure
orbiter base pressure
SRB base pressure

total pressure, psi
dynamle pressure, psi

Reynolds number per unit length,
million/ft.

reference area, in.2

body flap reference area, in.2

temperature temperature, °F

ALPHA

BETA

AILRON

orbiter longitudinal station
orbiter lateral station

angle~of-attack, angle between the
projection of the wind Xw—axis on the
body X, Z-plane and the body X-axis; deg.

sideslip angle, angle between the wind
Xw~axis and the projection of this axis
on the body X, Z-plan:; deg.

control su race deflection angle, deg.

alleron -~ left aileron trailing edge down
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orbiter vertical station .
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SYMBOL

Syp

&
C1L

)

“eqr,

8
CIR

Seor

(\F/Z

SUBSCRIPTS

Symbol

ref

PLOT
SYMBOL

BOFLAP
ELV-IL
ELV-0L
ELV-1R
ELV-OR
SI'DBRK

RUDDER

SPOTILR

NOMENCLATURE - (Continuzd)

DEFINITION

body flap deflection angle

left inboard elevon deflection angle
left outboard elevon deflection angle
right inboard elevon deflection angle
right wutboard elevon deflection angle
speed brake

rudder ~ trailing eage left

elevon flipper door deflection

Definition
tank base
body flap
orbiter base
SRB base
total conditions
wind
reference conditions

free stream conditions
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INTRODUCTION

This report presents data obtained in an investigation of the
1.004 scale model of the Shuttle Vehicle 5 configuration. The primary
objective of the test was to evaluate mid-span elevon flipper door
(used as a spoiler) effects on wing bending/torsion and elevon hinge
moments during the launch phase of flight. A second objective of the
test was to obtain ectevon effectiveness data in expanded matrix form
for clevon and wing load rolicef studies in support of MCR's 1344 and
1346. Additional data were ontaed on the first and secund stage
confipurations at Mach 4.48 with and without solid simulated SSME
plumes at angles—of —attack from zero to 20 degrees.

For the wing loads postion of the test, the tank of the mated
vehicle model was mounted on the sting-palance combination. The right
wing is balance mounted to the orbiter and provides wing normal force
and bending and torsion muments. For that portion of the test which
provided plume data and elevon hinge moments and elevon effectiveness
data, the orbiter of the mated vehicle model was mounted on the sting-
balance combination. The in-board and out-board elevens of the left

wing were balance mounted Lo provide hinge moments.
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MODEL DESCRIPTTON

The model geometry (0.004--cale) is shown in Figure 2. Two orbiters
were tested; one is a stycast casting and the other is made of stainless
steel.  The ET and SRB's are made of stainless steel.

The external tank of the mated vehicle model was mounted on the TWT
239 balance while wing loads were being measured. For the remainder of
the test, the orbiter was mounted on the TWT 239 balance. In both cases,
the balance was supported by the number 3 balance adapter and sting. The
orhiter was mounted to the tamk at three points simulating the forward
attach point and the two main fuc) lines for the rear attach points. The
SRB's were attached to the ET. The orbiter model had positionable split
clevons, rudders, speed brakes, and body flaps. For this test only the
lett wing inboard and outboard clevons were deflected. Semi-span elevon
flipper doors located at a mid-span position were tested at 20 and 40
degiree deflection angles.

Solid SSME plumes were fabricated and tested at M=4.48. The plume

tahle of coordinates are listed in Toable IV and an installation photograph

is shown in Figure 3.

The right wing of the stvcast orbiter wmodel was balance mounted to

the body and measured wing normal force, root hending and torsion moments.

The elevon for the left wing of the steel orbiter model was split and the
inboard and outhboard sections were both instrumented to provide hinge

moment s,
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The model was {abricated in conformance with the lines drawings

as listed below:
Orbiter
Forward Body and Cabin
Mid-body-wing/glove fairing
Aft Body

Vertical tail

. Wing tip
é OMS /RCS Pods
Tank
SRB
]
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VvC70-000002
VL70-000202C
VL70-0002008
V1.70-000203
VL.70-000146A
VL70-006092
VL70~008410,008401
VC78-000002B

vC77-000002B
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CONFIGURATTONS INVESTIGATED

The following nomenclature has been used to designate model parts.
Model dimensional data sheets defining the various configuration

designators are presented in Table TIT.

Component Definition
- Orbiter
-

B62 fusclage — per VL70-000200B, 202C, and
203

c12 canopy - per VL70-000202C

E52 elevon, 6" pap - per VL70-000200,
00608, 006092

F10 body flap - per VL70-000200B

M16 OMS pods - per VL70-008410, 008401

N28 OMS nozzle - per VL70-008457

RS rudder - per VL70-000146A

V8 vertical - per VL70-000146A

W127 wing - per VL70-000200B

14 Flevon {lipper door

Tank

AT16 attach structure, front ORB/ET - per
SK-H-4011

AT17 attach structure, left rear ORB/ET -

per VL78-000062B

AT18 attach structure, right rear ORB/ET -
per VL78-000062B

I
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ComEonent

Tank (Cont'd)

indicated helow:

Definition

FL5 LOX feed line ET/ORB - per VL78-000062A
FL6 i, pressure line ET/ORB - per VL78-
000062A L.
i’
AT68 forward ORB/ET attach (iO =0°) - per :
IMSC dwg. R80084 ;
e
AT69 forward ORB/ET attach (iy = 1.5°) - 2
per LMSC dwg. R80084 i
j
FR6 umbitical door fairing support - per :
VI.78-000062A
FL9 g leed line ET/ORB - per VL78-000062A
PTI2 tank lightning rod - per VL78-000062A
PTL3 LLOX recirculation line - per
VL78-000062A
P14 LOX pressurc line - per VL78-000062A
PT20 LOX pressure line and electrical conduit -
per VL78-000062A
T20 tank - per VL78-000041C
SRB
PS7 attach rings and rear structural ring -
per VL77-000066
PS20 electrical tunnel - per VC77-000002 .
PS9 tie down structure - per VL77-000066
§22 SRB baseline ~ per V(77-000002
The various configuration components are illustrated by figure as
1)  Tank Protuberances, Figure 4 ‘
13 ¥
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2)

3)

Conf igurations and their test conditions are

SRB Protuberances, Figure 5

Flevon Flipper Doors, Figure 6

14

shown in Table II.
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is
an intermittent blowdown tunnel which operates by high pressure air
flowing from storage to either vacuum or atmospheric conditions. A
Mach number range from .2 to 5.85 is covered by using two interchange-
able test sections. The trisonic section permits testing at Mach 0.20
through 2.50 and the supersonic section permits testing at Mach 2.74
through 5.85. Mach numbers between .2 and .9 are obtained by using a
controllable diffuser. The range from .95 to 1.3 is achieved through
the use of plenum suction and perforated walls. Mach numbers of 1.44,
1.93 and 2.50 are produced by interchangeable sets of fixed contour
nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle blocks
are tilted and translated automatically to produce any desired Mach
number in .25 increments.

Adr is supnlied to a 6000 cubic foot storage tank at approximately
~40°F dew point and 500 psi. The compressor is a three-stage recipro-
cating unit driven by a 1500 hp motor.

Tunnel flow is established and controlled with a servo-actuated
gate valve. The controlled air flows through the valve diffuser into
the stilling chamber and heat cxchanger where the air temperature can
be controlled from ambient to approximately 180°F. The air then passes

through the test section which contains the nozzle blocks and test

region.
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Downstream of the test section is a hydraulically controlled pitch
sector that provides a total angle of attack range of 20° (+ 10°).
Sting offsets are available for oblLaining various maximum angles of

attack up to 90°.
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DATA REDUCTTON AND PRESENTATION

All model forces and moments (measured by the balance 239) were
resolved in the body axis system and presented in the form of non-
dimensional coefficients. Data were corrected for weight tares and
sting deflections. Coefficients were nondimensional as shown below.

Main Balance Cocefficients

F
N
CNU = ag;f}" , normal force coefficient uncorrected
¢ for base pressure forces
CN = CNy - CNB, - CNgp , normal force coefficient
corrected for orbiter base
pressure acting on the
orbiter base and body flap
FA
CA = , total axial force coefficient.
ASpef

CAF = CAT - CABh - CABg - CABF , forebody axial force

coefficient.
Fy
Y = . side force coefficilent
' Vref
M
- y s pltching moment coefficient un-
CLMU =
ASreflyef corrected for hase pressure forces.
()
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PEEL S

kJ

CIM =
CLMBF =
CYN =
CBL =
CNBO =
CNBF =
CABO

CABS

CABL

ASref *ref

X1

X
J ' L 2 _
Lmll + ('Nuo - + (.NBF :Q"“‘-—‘ (;ABO ————

ref

ref ref

pitching moment coefficient corrected
for orbiter base pressure acting on the
orhiter base and body flap.

X2
CNpp 3

, pitching moment coefficient due

ref due to body flap

My

Mx

qsref Zref

, yawing moment coefficient

- , rolling moment coefficient

A
- CPRO }El_ tan i, , normal force component
Srof coefficient of orbiter
base drag
g‘ -
Shi
~ CPBgy ﬁ—-llﬂ;— , body flap upper surface
Stref normal force coefficient
Ap
- CPB, -;J{— » dxial force component coefficient
Srefl of orbiter bhase drag
AI)\q
- CPBq §”?‘ , SRB base axial force coefficient
N Yre
~ CPBg §h£~ , tank base axial force coefficient
ref
18
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whepe:
Py - Py
)
CPRO = q , orbiter base pressure
coefficient
Ppy - P
CPBS = - , SRB base pressure coefficient
q
Py - Py
CPBE = —S——— , tank base pressure coefficient
q
Pbbf - P,
CPBBF = ————a ,» body flap upper surface
pressure coefficient
i, = 14° - 45' , average orbiter base slant angle
Xy = 5.052 in., axial moment arm for orbiter base
drag
X9 = 5.319 in., axial moment arm for body flap
Zy = 1.344 in., vertical moment arm for orbiter

base drag

For balance location with respect toc the MRP, see
Figure 2.

Wing Balance Ccefficients

F
CNW = N , wing normal force coefficient
qSref
"By
CBW = , wing root bending moment coefficient

9Spof bref

for YMRP @ Y, = 105 in.
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Wing Balance Coefficients

My

%
) CTW = -—H .
ASpef

C

(Continued)

, wing torsion moment coefficient

for XMRP @ Xy = 1307 in.

Elevon liingc Moments

qb@ref CU

ot
Quthoard
- HMeo
CHEO =
' Where: CIEQO =
! 1M =
' @O
(
S o=
Yref
(‘: =
o
Inboard
Hle
CHIRL =
whore: CHEDL =
“Mei =
J
b 4

q‘sere f Ce

outboard elevon hinge moment coefficient
outboard elevon hinge moment

¢levon reference area

cloevon reference length

inboard elevea hinge moment coefficient

inboard elevon hinge moment

20
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Model reference dimensions

PARAMETER

Reference Areas

Spef (wing)

used in the data reduction are:

FULL SCALE

2690.00 ft.2

Shf o 142.60 ft.2
2
S 210.00 f¢t.
Seref 0
Reference Lengths
¢ (m.a.c.) 474 .8 in.
Lrof (body length) 1290.3 in.
b..; (wing span) 1290.3 1in.
Moment Reference Point 1199.8 in.
from ET base on ET Cy,
¢ 90.7 in.
(&4

Base Areas

2
Orbiter (Ab ) 436.7 ft.

o
Tank (A, ) 597.6 ft.2
e

2

SRB (AbS,Z) 472.8 ft.
21
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MODEL SCALE

6.198 in.
0.329 in.

0.484 in,?2

1.899 in.
5.161 in,
5.161 in.

4.799 in.

0.363 in.

2
1.006 in.

1.377 in.z

1.089 in.2
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TABLE 1
TEST: JA-125 (IWT-(22) DATE: 4/8/75
TEST CONDITIONS
MACH REYNGLDS DYNAMIC S TAGNATION STAGNATION
NUMBER] NUMBER PRESSURE TEMPERATURE | PRESSURE
(per foot) {pounds/ sq.inch) (degrees Fonrenhelt ) | ( pounds /3q inch)
0.0 5.0% LO(’ 4,35 100 22
0.8 0.0 6, 45 100 22
0.9 10,2 _1.36 100 22
{, 0 6.5 K. 14 100 22
1.5 .0 8,1 100 2
1, 10 6.6 9,254 100 22
NP 0.1 9.9 100 22
L.2 a 10,08 100 22
128 (L8 11,38 100 22
1, 40 6,5 9. 47 100 22
96 .U 10,20 100 28
2,99 4, 0 5. 14 140 30
4,90 1.8 3.07 140 90
BALANCE UTILIZED: _MSEC 239
_ COEFFICIENT
NF 200 lbs. 4+ 1.0 1b, $0.15
sF 400 Lbs. £ 0.5 1b, + 0. 08
AF 50 Ibs., 0 28k, + 0. 04
PN 197 in. lbs. $ 1.0 in. 1b. t0.18
AN 98 in, lbs, + 0.5 in, 1b. £0.09
™ 50 in, lbs. 1 0.2 in, 1b. t 0,05

COMMENTS:

Accuracy based on + 0, 5% of balance capacity,
Tolerance based on q 10 psi.

MSFC - Form 263-1 (Rev. Aprl) 1913)
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TABLE 111
MODEL DIMENSIONAL DATA

/

MODEL COMPONENT : __RQDY - Rga

GENERAL DESCRIPTION | _Configuration 140 /D orhiter fuselage MCR
/ .

200 - S lar to 1l 5 c v

{mproved_midbody-wingc-hoot fairins, X = 940 to X, = 10%0.,

MODEL_SCALE:  0.00h

DRAWING NUMBER"

VL70-000140C, -000202C, 000205A, -000200B, -000203A.

DIMENSIONS : FULL SCALE  MODEL SCALE
Length (IML: Fwd Sta. Xo=238),1n. 1290.3 ‘ 5.161.
Length (OML: Fwd Sta X,=235), In.___1293.3 5.173
Mox Widih(@ X, - 1528.3), Tn. 2640 1.056
Max Depth (@ X, = 1464), In. 250.0 1.000
Fineness Ratio  * . 4.fog 1,899
Area - Ft° |

Max. Cross—Sectional 0. BRS . —__0.0055

Plonform

Wetted ) °

Bose - .
30
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TABLE 111 (Continued)
MODEL DIMENSIONAL DATA

/

GENERAL DESCRIPTION : _Confizuration1ho C/D orbiter canopy, vehjcle

/
cabin No. 31 updated to MCR 200-R, . Used with £..-Vrge Bga.

MODEL SCALE: 0.00%

DkAWING NUM‘BER‘ VL70-000149C, -000202B, -000204

DIMENSIONS : ' FULL SCALE  MODEL SCALE
Length (Xo= 434.643-578), 1in. 143.357 0.573
Mox Width (@ X_ = 513.127), In. 152.412 0.610
Mox Depth (Z,=501 to 449.39), In. _ 51.61 0.206
Fineness Roti;»
Areq
Max. Cross—~Sectionol -
Planform
Wetted ~ X .
Base . .
31
RUPINFAN -.*y\;h-m::\”‘-ar;m:h -.a;v':?u’ ii_;‘: N ol e vt VbR e b v -“‘ wmf'm.mmm\ ol



TABLE 111 (Continued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT: ELEVON - E62

GENERAL DESCRIPTION: Split elevon, identical to E43 except
the Yo, location of the mid-span elevon
split line and gap width.

MODEL SCALE: 0.004

DRAWING No.: None

DIMENSIONS: FULL, SCALE MODEL SCALE

Elevon Split:
Right-hand at Y, , in. 296.00 1.184
Left-hand at Y, , {in. 288.00 1.152
Elevon Gap

Right-hand, in. 6.25 0.025

Left-hand, in. 6.75 0.027

32
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TABLE 11T (Cont fnued)

L MODEL DIMENSIONAL DATA

MODEL COMPONENT :___RODY FLAP - Fiq ‘

GENERAL DESCRIPTION : _Configuration 140C/D body flap, Hingeling

located at X = 1532, Z, = 2138.

MODEL SCALE: 0.00%0

| DRAWING NUMBER © __VL70-000140C, VL70-35511h
|
% DIMENSIONS : FULL SCALE MODEL SCALE
i - )
;
§ Length (X,=1525.5 to X =1613),1In. 87.50 0.350
} .
Max Width (@ L.E., X, = 1525.5),In._296.Q0 1,024
}
z Max Depth (xo = 1532), In. 19.7g8 0 192
'; Fineness Rotio '
; Area - F 2
: Mox. Cross-Sectional (@H.L.) 35,196 = 0.00056_

Planform 135.00 0.0022

V_lomd

~

Base (X, = 1613) | .89 ~9.000078

TS PRSI VAT S e
.
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TABLE 111 (Continued) |

MODEL DIMENSIONAL DATA

MODEL COMPONENT :_oMS POD - Mg

GENERAL DESCRIPTION ¢ __Confipuration 140C orbiier OMS pod - short

pod.

MODEL SCALE: 0.0040

DRAWING NUMBER ® ,\L70-008401, VI70-008410 = plus 4" added to simulate TPS

DIMENSIONS : FULL SCALE  MODEL SCALE
Length (OMS Fvd Sta X,=1310.5),In.—258.50 _  __1,03%
Maox Width(@ x, = 1511), In. 168 0,547
Mox Depth (@ X, = 1511), In. T4.70 0.299
Fineness Rotio —_onAL _ 2. L8
Area - Ft2 . | —_—
Max. Cross—Sectional 58.865 Q.009k
Planform
Wetted
Bose

Vo
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TABLE T1I (Continued)

tJ MODEL DIMENSIONAL DATA
MODEL COMPONENT:  OMS NOZZLES - Mg ' .
GENERAL DESCRLPTION: __Configuration 1W0A/B Qrbiter. QNS 0022188 e
MODEL 3CALE: 0.0040
DRAVING MUMBER: _VL70-Q00140A (Location); SS-A00106, RFIFASE 5 (Contovz)
DIMLNSIONS: - ' FULL S5ciLE  MODEL ‘SCALE
MACH NO.
Length - In.
Gimbal Point to Exit Plane
Throat to Exit Flane
pPiameter - In.
Exit
Throat
Inlet
frea - fte
Exit
Throat .
Gimbal Point (Stiation) - In. )
Nppenctloncex Left Nozzle
X o _ 1518.0 - __6.072
7 4920 1.968
Right
Yower Nozzles
X ~1518.00 __6.072
Y ﬁ.g_. ~0.352
Z 0 1968 .
Null Bosition - Deg. . '
Left\:'p",,m’;iNozzle ' .
tch ] soha' ] sﬂ“i '
Yav : 12°17° 12°171
Jeht
*fht4e Noc:le ' o ) o
Pitch 15 4q' 15 49*
Yaw X 1297 12 ]1'—:
3
“Wuw%-runm vu-i« CsME s A n s e wn

o RN e TR TRIYIND IR s AN s i AN ANAO I 1



MODEL DIMENSFONAL DATA

MODLL COMPONINT:

RS - Rudder

oy

GLNLRAL DESCRIPTION: 2A and 3 configuration per Rockwellllines

V1,70-00009% and VL70-000139

Scale Model = .004

DRAWIHG_NUMBER:

DIMENSIONS :

Area ~ Ft_z

VL70-000139
VL70-000095

Span (equivalent) ~ 1IN,
Inb'd equivalent chord

Outb'd equivalent chord

Ratio movable surface chord/

total surface chord

At 1nb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

leading tdge
Tailing Edge

Hingeline

Arca Momen® (Normal to hinge line) Ft3

FULL-SCALE

106.38

201.0

91.585

50.833

0.400

34.83
26,25

34.83

_526.13

Product of area and mecan chord

MODEL SCALE

0.00170
0.8040

0.36634
0.20333

0.400

0.400

34.83
26.25

34.83

0.00003
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TABLE L[! (Continued)

Q MODEL DIMENSICNAL DATA

MODEL COMPONENT: VERTICZL - V 8

-

—-—

GENERAL DESCRIPTION:

(identical to configuration 14QA/B vertical tafl).

Configuration 140C/D orbiter vertienl tafl .

MODEL SCALE: 0.0040
DRAVING TUMBFR: YL70-000140C, -00014AR
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA
Area (Theo) - Ft°
Planfora _h32s3 _0.0068
Span (Theo) - In. 315.720_ 1.263
2spect Ratio 1,675 B UYL Y
Rate of Taper —_0.507 _0.5%07
Taper Ratio 0. 4ok 0. 404 .
Sweep-DBack Angles, Degrees.
Leading Edge §5,C00 4,000
* Trailing Edge 26.2 = 20,2
0.25 Elemernt Line 41,130 41,130 -
Chords:
" Root (Theo) P ) __268.500 1.074
. Tip (Theo) P 108.470 0.43Y
M.C 199,808 _0.799.___
Fus. Sta. of .25 MiC 1463.50 _ 5. 854
W.P. of .25 MAC £35.922. )
BOL' Of 025 MI\C - "l“““ 0.000
Airfoil Section
Leading Wedge sngle - Deg. 10.000 10.
Trailing Viedge ingle - Deg. 1k.020 15.920
Leading Edge Radius 2.00 0.008
Void /rea 1317 _0.00021
Blanketed Area ! 0.00 0.000
V7
AL i o e

- k3

i

.

A cw L cE s ae e sy

i b oa

Fa



TABLE 111 (Continucd)
MODEL DIMELG TONAL DATA

MODEL COMPONENT:__ WING-W .

t -

ANDCRAL DESCRIOTION: confipuratllon MC/h arpitnr wine MOR 20N -Ry,

similnar to

o/ /R wine V) - byl yith refipoment e imprgeced s4ne_hoat-pidbads aircin:.

(¥, = Qb0 to X, - 10Wn): elevon split 1ine relscared fron Yoz28L to Y. -312.9.

- PO Lo SoALE. .00k

ST ND.,
DIMENSIONS:

TOTAL DATA 2
~ Area vinco,)  Ft
Planform
Span (Theo In,
Asnect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynanic Twist, degrees |
Sweep Sack Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Theo; B.P.0.0.
Tip, (Theo) B.P,
MAC
Fus. Sta. of .25 MAC
“W.P. of .25 MAC
B.L. of .25 MAC
EXPOSED DATA 2
“hrea (Inco)  Ft :
Span, (Thco)  In, BP103
Aspect Ratio
Taper Ratio

Chords
Root BP103
Tip 1,00 b
MAC

Fus, Sta, of .25 MAC

W.P, of .25 MAC

B,L. of .26 MAC
AMrfoil Section (Rockuell Mod NASA)
XXX X=64
Root b = ' '

Tipb =
Z

Data for (1) of (2) Sides
Leading Edge Cuff 2
Planform Area  Ft
teading Edge Intersects Fus M, L, @ Sta
Leading tdge Intersects Wing @ Sta

DWG. NO. VL70-000140C, -000200B

FULL-SCALE MODEL SCALE
2600.00 0.0h3
936.0H 3. IhT

2.205 2.2069
1.177 1.177

0.200 0.200
3500 3. 500
0. 500 : 0.500
3.000 3.000

A D) 2.757
J I AN S LS 0 D158 R,
b3 T el B00
) 112482 . sk ‘

2181.50

720,63 2,883
——at 220, ——a09 . .
Mw—

55? Q9 2,218
—132.85

0 AL S IS,
02,8 . X
184,00 ol
20l 20 L

29 . (7 1.007

0.113 0.113
0.12 0.12
.153.];‘ Q 11",‘
L 200.00 2.000

'"'*"'“'Tr"‘-":‘rm:‘; A Y TRy

2o
‘m'
r“
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CTABLE 111

(Continued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT: SPOILER - 2y,

GENEHAL DESCRIPTION: Elevon flipper door spoiler - Inboard (Midspan)

MODEL SCALE: 0.0C40
PRAWING NO.: NONE
DIMENSIONS:
Inboard Station:
Leading edge @ X,
Trailing edge @ X
Trailing edge @ Y,

Span

FULL SCALE MODE]. SCALE
1,01.57 5. 6064
219.06 0.876
186.44 0.7246

RESRODUCIBILITY OF THE

ORIGINAL

39

SR X ST SRR P
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TABLE 111 (Continued) Y

MODEL DIMENSIONAL DATA ' L

MODEL COMPONENT: ATTACH STRUCTURE - AT)6

/
GENERAL DESCRIPIION: Forward orbiter/ET attach structure (2 member structure)

~

/

MODEL SCALE:  0.0040 MODEL DRAWING: ss-Aoonl'(
DRAWING NO.: VL78-000062B, SK-H-k01l
DIMENSIONS: MEMBER FULL SCALE MODEL SCALE “
#1 X5 394.38 1.578
Yo 0.00 0.00
Zo LWR ML LWR ML
Xq 1131.00 ) 4.524
Yo 561.298 0.187
Zr 561.298 2.245
12 Xo 394.36 1.578
Yo 0 0
% LWR ML LWR ML
X 1131.00 h,s24
YT - k6.8 - 0.187
Zp 561.298 2.245
Diamcter of members: (In.) 5.70 0.0228
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TABLE LLI (Continued) ' g
MODEL DIMENSIONAL DATA
MODEL COMPONERT: ATTACH STRUCTURE - ATyq
GENERAL DESCRIFPTION: Iﬁft.rear orbitef/ET attach structure (2/ meaber
structure) ' /
MODEL SCALT: 0.004 ’ /
DRAVING NO.: VL78-000062B, SK-H-4013. MODEL DRAVING: ,‘ss-Aoou'z s
DIMENSIO:NS: MEMEER FULL SCALE  MODEL SCALE :
# ' f 1317 5.258
- 9.5 -0.386
267.5 - 1.070
2058.0 - 8.232

- 125,827 -0.503

w
I E I T R ST TR S

515.5 2.062
-1317.0 5.258
- 96.5 -0.386
267.5 1.070
2058.0 8.232
- 125.827 -0.503
515.5 2.062

Diameter of Members: #1 11.5 In. Dia. F.S.

#2 15.5 In. Dia. F.S.

REPRODUCIBILITY ¢
ORIGINAL PAGE IS pﬁgfé’ﬂ
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TABLY 111l (Continued)

MODEL DIMEHNSIONAL DATA

{ODEL COMIONENT: ATTACH STRUCTURE - ATlB

GENZRAL LESCRIFTION: Right rear orbLiter/ET attach structure (3 member
structure)

MODEL SCALE: 0.004

DPAVING NO.: VL76-0000€2B, SK-H-%013 MODEL DRAWING: S3-2001l7
DIMENSIONS: ‘ MEMBER FULL SCALE  MODEL SCALE
# X, 1317.00 5.258
¥, + 96.5 + .386
Z, 267.5 1.070
X 1872.0 7.488
Y'P + 125.827 4+0.503
% 515.5 2.062
{2 X, 1317.0 5.258
Y, + 96.5 +0.386
AN 267.5 1.070
Xqp 2058.0 8.232
Yo + 125.827 0.503
Zp 515.5 2.062
3 X5 1317.0 5.258
Yo Sk.ho 0.218
Z, 19.30 0.077
X 2058.0 8.232
Zp 567.6 2.270
Diamcter of Members: (In.) L 15.5
f2 11.5
#3 k.S

:jwi L VRN N Ud \
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TABLE 111 (Continued)

QL- MODEL DIMENSIONAI. DATA

MODEL COMPONENT: FEEDLINE - FLg

GENERAL DESCRIPTION: LOX feedline simulated Lectween ET and Orbiter.

MODEL SCALE: 0.0040

DRAWING NO.: VL78-000062B
DIMENSIONS:

Leading edge at:

Trailing edge at:

Diameter, In.

MODEL. DRAWING:

FULL SCALE
1033.3
T70.0
1033.3
- 70.0
2071.50
T70.00
2071.50
70.00
18.80

Centerline of LOX feedline located radially at @ = 23°%2L'

43

SS5-A00117

MODEL SCALE
k.132
0.280
k132

- 0.28
8.286
0.280
8.286
0.280
0.188

-
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TABLE 111 (Cont inued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT: PRESSURE LINE - FLg
/

GENERAL DESCRIPTION: Max. cross-sectional area simulating LBy pressure

llne and electrical conduit box between ET and Orbiter. /

/

[

MODEL SCALE: 0.0040

DRAVING NO.: VLT8-0GO062B MODEL DRAWING: SS-A0Oll7
DIMENGIONS: FULL SCALE MODEL, SCALE
ILeading edge at: X 1127.1 k.508
Yo 110.3 0.M31
Trailing edge at: X 2062.1 8.248
Yo 110.3 0.441

Centerline of LH pressure line located radlally at ¢ = 3301&5'.
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TABLE 111 (Continued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT: ATTACH STRUCTURE - ATgg

GENER/L DESCRIPTION: Forward ET/orbviter attach, T4-O model, vertical

single post attach member.

MODEL SCALE: 0.0040
DRAWING NO.: VL78-000062B

DIMENSIONS:

Zp (Attach Point on Tank)

Diameter, Inches

Height of Member (distance between top
centerline of tank and bottom centerlinpe

of orbiter), In.

£ B . Yok o#

FULL SCALE MODEL SCALE
368.15 1.583
0.0 0.0
) LML, LML
1129.9 k.520
0.0 0.0
565.1 2.2604
15.75 0.063
48.9 0.196
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TABLE 1117 (Continued)

MODEL DIMENSIONAL DITA

MODEL COMPONENT: ATTACH STRUCTURE - AT69

e

N e e e e e

CENER/L DESCRIVTION: Forward LT/orbitcr attach, model Ti-0, vertical

single post attach member.

MODEL SCALE: 0.0040
DRAVING NO.: VL78-030062B

DIMENSIONG:

Zp (Attach Point on Tunk)

Diameter, Inches

Height of Member (diitance between top center-
linc of tank and bottom centerline of
orbiter), In.

APRODUCIBLATY OF 'THE
ORIGINAL PAGE IS P OR

an

B TR AT AN T

FULL SCALE MODEL SCALE
388.15 1.553
0.0 0.0
LML IML
1129.9 k.520
0.0 0.0
555.1 2.260L
15.75 0.063
24,45 0.098
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TABLE ITI (Continued)

i; MODEL. DIMENSIONAL DATA

MODEL COMPONENT: REAR ATTACH STRUCTURE FAIL:ING - FRg

Nz

/

GENERAL DESCRIPTION: Rear ET/Orbiter attach structure cross-member or

FL, and FL,.

beam fglring used in conjunction with AT12’ AT13, 1 2

W;memuﬁkavuﬂ“n‘w—»&*q' ~
N A T Gl mse.  * S

Pt
o,

' s
MODKL SCALE: 0.00L0 :
DRAWING NO.: VL78-000062B MODEL DRAWING: SS-401256 i
|

DIMENSIONS: FULJ: SCALE MODEL SCALE

T B e I T TP T e SRR

Leading edge centerline at Xp 2036.67 8.1k47

0.00 0.00

SR e onnd Rww AL,

TR IR
o
=3

r 183.00 0.732

%
- %
. Maximum length, In. 64.00 0.256 !
[
. . v
. Max:imum width, In. 190.00 0.760 b
: :
{
I
1
.
L
a1
b
3y
] P
: i
by P
)

N
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TABLE 111 (Continued). .
- |
MODEL DIMENSIONAL DATA ‘ ‘
MODEL COMPONENT :__Lliy UMBTLICAL FEEDLINE = Flg
GENERAL DESCRIPTION - Lﬂg Umbilical Feedline with an glectrical ggiCK- *
/ ~ ;
disconnect box between the Orbiter and ET.
MODEL _SCALE:  0.0040 4.‘
DRAWING NUMBER = _VL78-000062B :
5
DIMENSIONS : FULL SCALE MODEL SCALE

Centerline at X 20715 B.286 4
Mox Width 31.2 0.125

Max Depth 37.5 0.150

Diameter * 17.0 0.068

Area

Meox. Cross—Sectional

Planform

Wetted

Base

48
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TABLE 111 (Continuaed)

“s MODEL DIMENSIONAL DATA

MODEL COMPONENT: ET PROTUBERANCE - PTyo

GENERAL DESCRIPTION: Lightning rod attached to ET nose.

—

B A £ o kLo e o e R L

MODEL SCALE: 0.004
DRAWING NO.: VL78-000068A

DIMENSIONS: FULL SC*” s MODEL SCALE

Mg A TR LG

Length ~ 30.90 0.124

Diameter, In. 3.20 0.013

IO R R Sy

i A N IR N AP

49
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TABLE 111 (Continued)

MODEL DIMENCIONAL DATA

MODEL COMPONENT: ET PROTUBERANCE - PTl3

GENiRAL DECCK1IPIION: Maximum cross-sectional area simulating LOX recirculation

line and electrical conduit box on planform view of External Tank, TbO'

MODEI, OSCALE: 0.0040 MODEL DRAWING:
DRAWING NO.: VL78-000062B
DIMENGIONS:

Leading edge at: Xp

railing edge at: X7

Centerline of LOX recirculation line located radially at @ = 33°45'.

YA

P P |x‘\'\*‘~vx-“"' . LY gt

SS-A00117
FULL SCALE MODEL SCALE

1208.3 4.833
+ 95.0 + 0.38
1208.3 4.833
- 95.0 - 0.3%
2060.5 8.242

95.0 0.38
2060.5 8.242
- 95.0 - 0.380
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TABLE 111 (Contimted)

MODEL, DIMENSIONAL DATA

MODEL COMPONENT: ET PROTUBERANCE - PTyy

GENERAL DESCRIPTION: LOX pressure line on Tank Tpq.

MODEL SCALE: 0.00L0O

DRAWING NO.: VL78-000062B

DIMENSIONS: FULL SCALE
Leading edge at.: XT 355.90
' Yo 6.0
Trailing edge at: Xq 2060.5
Yo 87.0

Centerline of LOX pressure line located radially at @ = 23024 ",

MODEL SCALE
1.524
0.024
8.242
2.3u8
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TABLLE

MODEL DIMENSIONAL DATA

111

(tontinucd)

MODLL COMPONENT: NOSE CONE LINES - PTpy

GENERAL DESCRIPTION:

Maximum cross-sectional area simulating the LOX

pressure line and electrical conduit on top of external tank (T20) nose

cone area.

MODEL SCALE: 0.0040
DRAWING NO.:
DIMENSIONS:

Leading edge at:

Trailing edge at:

]
Centerline of lines located radially at @ = 33%45 .

.i\\'» k'S N MA

LAY

.
pL

e tt\‘r‘ .,

FULL SCALE
360.92
34.0
955.1
336.5

MODEL _SCALE
1.444
0.136
3.820
1.346
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i ' TABLE ITI (Continued)

kY MODEL DIMENSIONAL DATA

3

{ MODEL COMPONENT : _EXTERNAL TANK - Tao.

4

f GENERAL DESCRIPTION : External Oxygen-Hydrogen tank

i

£

) MODEL SCALE; 0.0040

. DRAWING NUMBER : _VL72-000131, VI78:00C062

%

DIMENSIONS : FULL SCALE  MODEL SCALE

$

. Length, In. (Nose @ X,=328.92) 1845 005 7.388

Mox Width Dia, In. @ X =975.675 ——n333-2u 1.333

, Max Depth | In. 3.2 1.333

: : A

: Fineness Ratio —_—5.6t713 5.65713

Area - Ft2 .

Max. Cross—Sectional 605.534 0.0096
Major Cross section 9k, 679 ——_0.0008

WP of tank centerline (2),In._ 400.000 0.006L
Base (on 330.2 dia.) 59k . 679 0.0095
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TABLE 111 (Continued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT: SRB PROTUBERANCE - PSy

ring.

MODEL SCALE: 0.00L0O
DRAWING NO.: VLT7-000266
DIMENSIONS (DATA FOR 1 OF 2):

Centerline at XB

Width

-

{ Heigth

Y

L KA 52 S

FULL SCALE
1505
1517
1852

10

10

GENERAL DESCRIPTION: SRB/ET attach ring: two attach rings and one structural

MODEL SCALE
6.020
6.068
7.408

0.04o
0.0Lko
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TABLE III (Continued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT : SRB_PROTURFRANCE ~ PS2q

GENERAL DESCRIPTION : __Electrical tunnel on SRB side, 30 deg. taper

leading edge, circular cross section with mounting flange. Tunnel

ddascontinued from Xp = 1504.25 to 1517.75

MODEL _SCALE; 00,0040 NMODEL DRAWING: SS-A01281

DRAWING NUMBER : _ _VC77-000002A

DIMENSIONS FULL SCALFE MODEL SCALE
Length , In. .1384.57 5.538
Max Width , . 13.00 0.052
Mox Depth 3.72 0.015
Radius 0.619 0.619

Fineness Rotio

Area

Max. Cross~Sectional

Planform

Wetted

Base

Taper at leading edge, deg. 30 30

55
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TABLE 111 (Continucd)

MODEL DIMENGIONAL DATA
MODEL COMPONENT: Tie-DOWN STRUCTURE - PS-g /

GENERAL DESCRIPTION: Tie-down lugs cn shroud of solid rocket motor booster.
/

MODLL SCALE: 0.004 '

DRAWING NO.: VL77-000066

DIMENSIONS: FULL SCALE MODEL SCALE
Number of tie-down lugs L L
Length, In. 64.00 0.256
Width, In. 13.00 0.052
Max. Height (at T. E.) 8.334 0.033
Angular position (from vertical), Deg. . 60 60

10
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TABLE [11 (Concluded)

MODEL DIMENSIONAL DATA

MODEL COMPONENT :__BOQOSTER SQLID ROCKET MOTOR - Saz

GENERAL DESCRIPTION : _The BSRM is an external propulsion system which

is jettisoned and recoverable after burnout.. The BSRM!'s can be refurtished

and reused after recovery.

MODEL SCALE: 0.0040

DRAWING NUMBER : _¥C77-000002C, VC70-0000024, VC72-000002C

DIMENSIONS . FULL SCALE MODEL SCALE
Length , In., .1789.60 7.158
Mox Width, Tank Dia., In. 146.00 0.584
Max Depth , Aft shroud dia., In. 208.20 0.833
Fineness Ratio £,596 8.596
Area - Ft2

Max. Cross—Sectional 236 .1.23 0.0038

Plonform

Wetted

Base
WP of BSRM centerline (Zr) 1000.(;0 1.600
FS of BSRM nose (Xr) | 743.0 2.972
BP of BSRM centerline (YT) 250.5 1,002

h7

M nL

o

e



TABLE IV - SOLID PLUME COORDINATES ‘
i S
Re = 45.36 1in.

R/Re X/Re
1.000 .0000 -
1.222 .2398 a
1.428 .4709 -
1.618 .6936 v
1.859 .9871 R
2.202 1.4240 .
2.503 1.8250
2.915 2.4020
3.319 3.0010 :
3.723 3.6320 “
4,127 4.2980 .
4.883 5.6380
5.670 7.1800
6.381 8.7160 .
7.128 10.5100 !
7.784 12.2600 -
8.386 14.0400
9.002 16.0500
9.552 18.1000
10.010 20.0400
10.410 21.9000
10.790 23.8700
R/Re
//
/‘/'
e | _Re
- - ¢
f X/Re
"s
} "
58
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